Abstract-Rat brain microsomal Mgt+-ATPases with two distinct activities: ethacrynic acid (EA) highly sensitive and EA less sensitive Mgt+-ATPase activities were solubilized by the combined treatment with 10 mM 3-(3-chlolamidopropyl) dimethylammonio-1 -propane-sulfate (CHAPS) and 30 mM octyl-Q-D-glucoside. The solubilized enzymes had properties similar to those of the membrane-bound enzyme in microsomes with respect to the sensitivity to EA and Cl-, although the optimal pH and the affinity to ATP were slightly altered after the solubilization. Fast protein liquid chromatography of the solubilized enzymes on an anion exchanger (Mono Q) column with a linear NaCI gradient (0-1.0 M) yielded separate peaks for EA highly sensitive and EA less sensitive Mgt+-ATPase activities at 0.1 and 0.35 M NaCI, respectively.
The occurrence of non-mitochondrial and anion-sensitive
Mgt+-ATPases has been demonstrated in several animal tissues (1, 2) . These enzymes are located in intracellular vesicle membranes such as those of chromaf fin granules (3), neurohypophysis secretory granules (4) and cholinergic synaptic vesicles (5) or in the plasma membranes of ery throcytes (6) and epithelial cells (7) (8) (9) ; and some of the enzymes coexist with H+ translocating activity and active CI transport activity (3) (4) (5) 9) . However, little is known about the functions and characteristics of anion-sensitive Mgt+-ATPases because of the difficulty in solubilization and purification of the intrinsic membrane proteins.
We previously showed that brain micro somes contain two types of Mgt+-ATPases activities: ethacrynic acid (EA) highly sensitive and EA less sensitive Mgt+-ATPase activities (10) (11) (12) (13) .
The former activity was mainly located in plasma membrane fractions and was sensitive to anions, especially to Cl (a stimulatory anion) and NO3 (an inhibitory anion), and the latter was insensitive to the anions and rather widely distributed (12, 13 In the combined detergent-treatment, CHAPS was added to the suspension of microsomes (10 mg protein/ml) to achieve a final CHAPS concentration of 10 mM, and the mixture was centrifuged at 20,000 x g for 15 min. To the resulting supernatant, OcGlu up to 50 mM was added. The mixture was stirred for 30 min at 4°C, and then cen trifuged at 10,000xg for 60 min. 7.4) and 20% glycerol at a flow rate of 1.0 ml/min at room temperature. The protein concentration of the eluate was monitored spectrophotometrically at 280 nm, or it was determined as described by Bradford (14) . For re-chromatography, fractions with the peak-activities of EA highly sensitive and EA less sensitive Mgt+-ATPases were pooled from several runs and diluted to contain 10 mM NaCI with a NaCI-free elution buffer.
Electrophoresis: Protein samples were electrophoresed in Pharmacia polyacrylamide 4/30 slab gradient gels in 90 mM Tris-borate buffer (pH 8.4) with 2.5 mM EDTA, at 100 V for 20-24 hr. The gels were fixed in 10% sulfosalicylic acid for 30 min. Protein was stained overnight with 0.2% Coomassie brilliant blue R-250 in 50% methanol/10% acetic acid. Then, the gels were destained overnight in 30% methanol/10% acetic acid. Molecular weights of proteins were calculated using a High Molecular Weight Calibration Kit Protein Mixture (Pharmacia).
ATPase assay: ATPase activities were determined as reported previously (12, 13). The standard assay was carried out in 0.2 ml of reaction mixture containing 25 mM Tris MES (pH 7.4),l mM EDTA, 6 mM Mg(OH)2 MES, 6 mM ATP-Tris, 1 mM ouabain, 1 mM NaN3 and 20-40 /cg enzyme protein in the presence or absence of 0.3 mM EA. The difference between the activities in the presence and absence of EA was designated as EA highly sensitive Mgt+-ATPase activity, and the activity in the presence of EA was denoted as EA less sensitive Mgt+-ATPase activity.
The protein concentration was determined by the method of Lowry et al. (15) .
Results

Solubilization:
Several detergents were tested to solubilize EA highly sensitive and EA less sensitive Mgt+-ATPases in the brain microsomes.
The enzymes were not solubilized by Nonidet P-40, deoxycholate or Triton X-100. When CHAPS up to 40 mM was added to the suspension of the micro somes and the mixture was centrifuged at 20,000 x g for 15 min, the activities were recovered mainly in the supernatant (Fig. 1 A) . However, when the mixture was centrifuged at 100,000xg
for 60 min, both enzyme activities were found mainly in the pellets, and the recovery in the supernatants was only 5-15%. OcGlu was added to the 20,000xg supernatants of 10 mM CHAPS treated microsomes, and the mixture was recen trifuged at 100,000 x a for 60 min. As shown in Fig. 113 /cmol Pi/mg protein/hr, respectively. Solubilized EA highly sensitive Mg2+_ ATPase was stimulated by CI with the half maximum stimulation points over 30 mM to a level 2.5 times higher than the control (Fig.  2B) . In contrast, EA less sensitive Mg2+_ ATPase was not affected by CI-.
The maximum activity of solubilized EA highly sensitive Mgt+-ATPase was observed in the pH range of 6.6-7.0 (Fig. 3A) . EA less sensitive Mgt+-ATPase activity was higher in the lower pH range (pH 6.2-7.0). From Lineweaver-Burk plots of the reciprocal of reaction velocity against the reciplocal of ATP concentration (Fig. 3B) , Km values for ATP of the solubilized EA highly sensitive and EA less sensitive Mgt+-ATPases were estimated to be 0.29 and 1.3 mM, respectively. protein bands with a concentrated one near the 67 kDa protein band. On the other hand, fractions of EA highly sensitive Mgt+-ATPase after FPLC (Fraction II, lanes 8 and 9) produced a prominent band below the 669 kDa protein band. With the five standard proteins of known molecular weight (Lane 1), the distance of each band from the baseline (Rf) was plotted against the molecular weight (Fig. 6B) . The plots showed a good linear fit. From the Rf values for the concentrated bands in the FPLC eluates, the molecular weights of the proteins concen trated in the fractions of EA less sensitive and EA highly sensitive Mgt+-ATPase were estimated to be approximately 70 and 600 kDa, respectively.
Discussion
As far as we know, brain microsomal Mg2+ ATPases were first solubilized in this study. Bile salts such as cholate and deoxycholate have been used in the solubilization of ion translocating ATPases (1); however, these anionic detergents are known to interfere with the adsorption of enzyme proteins by the anion exchanger column. In the present study, two non-ionic detergents, CHAPS and OcGlu, were found to be suitable for the solubilization of Mgt+-ATPases in the brain microsomes.
The combined use of these detergents favored the effective solubilization and subsequent anion exchanger column chromatography of the enzymes. The superiority of the detergent combination has been reported in the solubilization of ATPases from renal brush-border membranes (16) and thermophilic cyanobacteria (17) . As previously described (10, 12) , Mg2+ ATPases in the microsomes were inhibited by EA biphasically with a deflecting point at 0.3-0.4 mM. In the present study, the solubilized Mgt+-ATPases exhibited these properties with respect to the sensitivity to EA. These results suggest that EA highly sensitive Mgt+-ATPase is solubilized with the intact EA sensitive sites. Stimulation by CI was observed only with EA highly sensitive Mgt+-ATPase in the solubilized enzymes, as well as in the microsomes (12, 13) . The extent of stimulation by CI of the solubilized enzyme was comparable to that of the enzyme in the microsomes.
However, the concen tration of CI required for the half maximum stimulation in the former enzyme (over 30 mM) was higher than that in the latter enzyme (5 mM). Thus, the procedures for solubili zation are considered to reduce the affinity of the enzyme to CI-. The activity of EA highly sensitive Mgt+-ATPase in the microsomes showed the highest value at pH 7. Polyacrylamide gel electrophoresis of the peak fraction of EA highly sensitive or EA less sensitive Mgt+-ATPase yielded a con centrated protein band at approximately 600 or 70 kDa, respectively. In our previous study using the radiation inactivation method (13) , functional molecular sizes of EA highly sensitive and EA less sensitive Mgt+-ATPases in the microsomes were estimated to be 480 and 80 kDa, respectively.
Taking these molecular sizes into account, the 600 kDa protein concentrated in the EA highly sensitive Mgt+-ATPase fraction may be the complex of functional protein and accessory structures, while the 70 kDa protein con centrated in the EA less sensitive Mg2+ ATPase fraction probably represents the functional unit of EA less sensitive Mg2+ ATPase.
Two distinct Mgt+-ATPases with different functions were demonstrated in the adrenal chromaffin granules (19, 20) , that is a 460 kDa protein with H+-translocating activity and a 14.1 kDa protein whose function is unknown. Separation and characterization of the neuronal plasma membrane Mgt+ ATPases will also contribute to studies on neuronal membrane functions, including the anion-dependent process.
